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(57) ABSTRACT
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nel class-D amplifier and an associated processing method. In
general, the multi-channel class-D amplifier comprises a sig-
nal source that provides a plurality of input signals and gen-
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amplifier channel modules, each class-D amplifier channel
module being configured to process a corresponding input
signal from the plurality of mput signals according to the
synchronization information to produce an output signal. The
switching frequencies employed by the plurality of class-D
amplifier channel modules are substantially similar to one
another and the processing of the plurality of input signals 1s
offset in time across the plurality of class-D amplifier channel
modules.
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1

USING A NEW SYNCHRONIZATION
SCHEME FOR A MULTI-CHANNEL CLASS-D
AMPLIFIER

FIELD

The wvarious embodiments described herein generally
relate to apparatuses and methods for multi-channel class D
amplifiers to reduce the production of beat frequencies.

BACKGROUND

Class-D amplifiers are used in various applications espe-
cially when power elliciency, space elficiency, and, in some
cases, cost savings are important. For example, class-D
amplifiers are widely used 1n audio applications. A class-D
amplifier amplifies and converts an input signal to a Pulse
Width Modulated (PWM) signal and then converts this non-
linear PWM signal to a continuous signal by low pass filtering
the PWM signal. Since PWM processing 1n class-D amplifi-
ers 1nvolves some switching and the use of internal clocks,
having two class-D amplifiers 1 close proximity to one
another often causes undesired frequency differences also
known as beat frequencies. Beat frequencies occur when
signals with two similar, but not 1dentical, frequencies inter-
act (e.g. “mix”’) which generates a beat. The generated beat
frequency often falls within the audible frequency range and
thus becomes audible which 1s problematic when the signal 1s
produced by an audio circuit and 1s amplified to drive a
speaker or recetver. For example, 1t a first class-D amplifier
has a PWM frequency of 200 KHz and a second class-D
amplifier has a PWM {frequency of 201 KHz, and 1s in close
proximity to the first class-D amplifier, then a beat frequency
at 1 KHz (e.g. 201 KHz-200 KHz) 1s generated. The beat
frequency problem also extends to a multi-channel class-D
amplifier that has multiple channels 1n which beat frequencies
can occur between any two of the channels. To reduce this
beat frequency problem, PWM amplifiers can be imple-
mented such that they are physically and electrically separate
from one another or the exact same PWM {requency can be
used for all devices. However, these solutions are not neces-
sarily feasible 1n practice.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the various embodiments
described herein, and to show more clearly how these various
embodiments may be carried into effect, reference will now
be made, by way of example, to the accompanying drawings
which show at least one example embodiment, and 1n which:

FIG. 1 1s a block diagram of a class-D amplifier;

FIG. 2A 1s a block diagram of a multi-channel class-D
amplifier;

FIG. 2B 1s an example of output signals produced when
certain 1nput signals are processed by the multi-channel
class-D amplifier of FIG. 2A;

FIG. 3A 1s a block diagram of an example embodiment of
a multi-channel class-D amplifier that uses a sync signal to
synchronize the processing of the input channel signals;

FIG. 3B 1s an example of output signals produced when
certain iput signals are processed by the multi-channel
class-D amplifier of FIG. 3A;

FI1G. 3C 1s a diagram showing timing for channel process-
ing and the resulting power consumption by the multi-chan-

nel class-D amplifier of FIG. 3A;
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2

FIG. 4A 1s a block diagram of an example embodiment of
a multi-channel class-D amplifier that uses a sync signal for

each channel;

FIG. 4B shows an example of sync signals that can be used
by the multi-channel class-D amplifier of FIG. 4 A for the case
of N channels;

FIG. 4C 1s an example of output signals produced from
input signals by the multi-channel class-D amplifier of FIG.
4A;

FIG. 4D 1s a diagram showing timing for channel process-
ing and the resulting power consumption by the multi-chan-
nel class-D amplifier of FIG. 4A;

FIG. 5 1s a block diagram of an example embodiment of a
multi-channel class-D amplifier that uses a sync signal and a
clock signal for each channel;

FIG. 6A 1s a block diagram of an example embodiment of
a multi-channel class-D amplifier with clock and frame sig-
nals used to synchronize processing for each channel;

FIG. 6B shows an example of sync signals that can be used
by the multi-channel class-D amplifier of FIG. 6A;

FIG. 7A 1s a block diagram of an example embodiment of
a multi-channel class-D amplifier with a coded sync signal
used to synchronize processing for each channel;

FIG. 7B shows an example of a coded synchromization
signal that can be used with the multi-channel class-D ampli-
fier of FIG. 7A;

FIG. 7C shows a block diagram of a portion of a signal
source that can be used to generate synchronization informa-
tion for the multi-channel class-D amplifier of FIG. 7A;

FIG. 7D 1s a block diagram of an example embodiment of
a synchronization module that can be used with certain syn-

chronization signals for the multi-channel class-D amplifier
of FIG. TA;

FIGS. 7E-1, 7TE-2, 7E-3 shows examples of clock, frame
and synchromization signals that can be extracted from
another example coded synchronization signal that can be
used with the multi-channel class-D amplifier of FIG. 7A;

FIG. 8A 1s a block diagram of an example embodiment of
a synchronization reorder block that can be used to reorder the
synchronization signals based on mput signal levels; and

FIG. 8B shows an example of sync signals that can be
reordered due to input signal level and used to synchronize
channel processing for a multi-channel class-D amplifier.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

Various apparatuses or processes will be described below
to provide example embodiments of each claimed invention.
No embodiment described below limits any claimed nven-
tion and any claimed 1invention may cover processes or appa-
ratuses that differ from those described below. The claimed
inventions are not limited to apparatuses or processes having
all of the features of any one apparatus or process described
below or to features common to multiple or all of the appa-
ratuses or processes described below. It 1s possible that an
apparatus or process described below 1s not an embodiment of
any claimed invention. Any invention disclosed 1n an appa-
ratus or process described below that 1s not claimed in this
document may be the subject matter of another protective
istrument, for example, a continuing patent application, and
the applicants, inventors or owners do not intend to abandon,
disclaim or dedicate to the public any such invention by 1ts
disclosure 1n this document.

It will be appreciated that for simplicity and clarity of
illustration, where considered appropriate, reference numer-
als may be repeated among the figures to indicate correspond-
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ing or analogous elements. In addition, numerous specific
details are set forth 1n order to provide a thorough understand-
ing of the embodiments described herein. However, 1t will be
understood by those of ordinary skill in the art that the
embodiments described herein may be practiced without
these specific details. In other instances, well-known meth-
ods, procedures and components have not been described 1n
detail so as not to obscure the embodiments described herein.
Also, the description 1s not to be considered as limiting the
scope of the embodiments described herein.

The embodiments described herein generally relate to
hardware and circuitry as well as associated methods that are
used to reduce beat frequencies for both digital and analog
multi-channel class-D amplifiers. Beat frequencies result
from the frequency difference between the switching fre-
quencies used by the Pulse Width Modulation (PWM) oscil-
lators 1n each of the channels of a multi-channel class-D
amplifier. The beat frequencies can fall in the audio frequency
band which 1s undesirable for audio signal processing appli-
cations. The techniques described herein generally relate to
the use of multi-phase clocks and/or synchronization signals
such that the same switching frequencies are used in each
channel but are slightly offset from one another 1in time
thereby oflsetting the processing 1n each channel 1n order to
reduce beat frequencies as well as to reduce peak power
consumption as the power demand will be spread or shifted
across time for each of the class-D amplifier channels. The
term “multi-channel” means that there are multiple class-D
amplifier channels which can be included 1n one or more IC
packages or 1n discrete analog or digital components. The
embodiments described herein can be used for audio appli-
cations, motor control applications, large LED display appli-
cations, very bright LED display applications, ultrasonic (e.g.
piezo) transducer driver applications and more generally in
applications that utilize multiple channels of class-D ampli-
fiers. A large or bright LED display uses a significant amount
of current (1n other words energy) and it will be more energy
elficient to use a PWM-based method to control LED bright-
ness.

Referring now to FIG. 1, shown therein 1s a block diagram
ol a conventional class-D amplifier 10. The class-D amplifier
10 comprises an input interface 12, a PWM modulator 14, an
oscillator 16, and an output driver 18. The input interface 12
may 1nclude pre-amplification and pre-filtering circuitry and
as well as a Digital to Analog (D/A) converter in the case of
digital mput signals. The PWM modulator 14 includes cir-
cuitry, as 1s known by those skilled in the art, which uses a
timing signal generated by the oscillator 16 to generate a
pulse modulated signal based on 1ts mnput. The oscillator 16
can be a Phase Lock Loop (PLL) or other suitable oscillation
circuit. The output driver 18 typically comprises amplifica-
tion circuitry to amplity the output of the PWM modulator 14.
Typically, a minimum amount of low pass filtering 1s used and
can be included 1n the output driver 24.

More particularly, the class-D amplifier 10 amplifies and
converts an mput signal 20 to a PWM-modulated signal,
which 1s non-linear, and then converts this non-linear signal to
an output signal 24, which can be considered to be a quasi-
analog signal. The input signal 20 can be an analog signal 20a
or a digital signal 205 (1n the analog case, a D/A converter 1s
not necessarily required in the input interface 12). The oscil-
lator 16 generates a semi-constant clock signal that 1s used by
the PWM modular 14 to produce a time window for generat-
ing a triangle signal 22. A comparator within the PWM modu-
lator 14 compares the mput signal 20 and the signal 22 1n
order to produce the PWM signal which 1s a digital logic
signal that has 0’s or 1’s. A value of 1 1s produced in the PWM
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signal when the 1input signal 20 has a larger magnitude than
the triangle signal 22 and a value of 0 1s produced when the
iput signal 20 has a smaller magnitude than the triangle
signal 22. The output driver 18 amplifies the PWM signal,
generated by the PWM modulator 14, to a desired amplitude
in the output signal 24. The signal 24q 1s an example of the
output signal 24 1n cases where the output driver 18 does not
employ any filtering or prior to filtering. The signal 245 1s an
example of the output signal 24 1n cases where the output
driver 18 employs some filtering. In either case, the output
signal 24 can then be processed by filtering circuitry (not
shown) having a certain pass-band that 1s selected based on
the application for which the class-D amplifier 10 1s being
used. For example, 1n audio applications, the output signal 24
will typically be low pass filtered 1n a frequency range that
generally corresponds to the human audible frequency range.

In the class-D amplifier 10, most, 1f not all, of the functions
are normally implemented using hardware. However, for the
more elaborate embodiments which follow, some of the func-
tions can be implemented using a Digital Signal Processor
(DSP) along with appropriately designed firmware (1.e. DSP
soltware).

Referring now to FIG. 2A, shown therein 1s a block dia-
gram of a multi-channel class-D amplifier 50. The multi-

channel class-D amplifier 50 has N amplifier channel mod-
ules 54-0 to 54-N-1 that process N input signals INPUT-0 to

INPUT-N-1 to produce N output signals OUTPUT-0to OUT-
PUT-N-1. The N input signals are provided by a signal source
52 (generally, with regards to all signal sources described
herein, the usage of the word provides 1s meant to cover cases
in which the signal sources generate the N 1nput signals and
other cases 1 which the signal sources receive the N 1put
signals and send them to the amplifier channel modules). The
implementation of the signal source 52, and other signal
sources discussed herein, depends on the application of the
multi-channel class-D amplifier 50. For example, for audio
applications, the signal source 52 could be a multi-channel
home-theatre system such as a 6 channel (Dolby 5.1) system
(alternatively, fewer or more channels could be used), a tablet
computing device or a handheld device that 1s designed to
playback a multi-channel source such as Dolby 5.1. It should
be noted that a handheld device 1s a device that 1s sized and
shaped to be held or carried 1n a human hand. In motor control
applications, the signal source 52 can be a control system that
generates several control signals to control several motors
(e.g. industrial/consumer robot products use several motors
and require several control signals). Each of the class-D
amplifier channel modules 54-0 to 54-N-1 has a similar struc-
ture to that shown for the class-D amplifier 10. A power
source 60 (see FIG. 2B) can also be used which would be a
separate power supply or a voltage bus as the case may be. For
example, for DC power, the power source 60 can be a battery
or a regulated/non-regulated DC power source.

When a system contains more than one class-D amplifier
and places them 1n close proximity to one another, as 1n the
case of the multi-channel class-D amplifier S0, due to the use
of switching to implement PWM, each class D-amplifier
channel emits a signal at their oscillator’s frequency. When
these oscillators are oscillating at different frequencies then
the beat effect occurs in which beat frequencies equal to the
difference 1n the switching frequency are produced, which
can appear as undesired noise in the output.

Referring now to FIG. 2B, shown therein 1s an example of
output signals 58-0 to 58-N-1 that are produced when 1nput
signals 36-01t056-N-1 are processed by the amplifier channel
modules 34-0 to 54-N-1 of the multi-channel class-D ampli-
fier 50. It can be seen that although the starting position of the
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input signals 56-0 to 56-N-1 are aligned 1n time, the resulting
output signals 58-0 to 58-N-1 are not necessarily aligned 1n
time due to the use of independent oscillator circuits 16 in
cach of the class-D amplifier channels. Furthermore, the use
of independent, but similarly designed, oscillators cause each
channel’s PWM switching frequency to be close to each other
but not exactly the same which 1s the main cause of the beat
frequency phenomenon.

Referring now to FIG. 3A, shown therein 1s a block dia-
gram of a multi-channel class-D amplifier 100 that uses a sync
signal to synchronize the processing of the mput channel
signals. The multi-channel class-D amplifier 100 has a similar
structure to the multi-channel class-D amplifier 50 except that
cach class-D amplifier channel module 104-0 to 104-N-1
now has an additional input to recerve a synchronization
signal SYNC so that processing in each of the channels can
be synchronized with one another. The signal source 102
includes a synchronization (SYNC) source 110 that generates
and provides the synchronization signal SYNC1 as an mnput to
cach of the oscillators of the class-D amplifier channels 104-0
to 104-N-1. The SYNC source 110 can be implemented
using a variety of elements such as a system clock, a dedicated
crystal oscillator, a self-oscillator of desired frequency and
the like. The synchromization signal SYNC1 synchronizes
cach of the oscillators that drive the PWM modulators 1n each
of the channels to reduce the production of any undesirable
beat signals by the multi-channel class-D amplifier 100.

Referring now to FIG. 3B, shown therein 1s an example of
output signals 108-0 to 108-N-1 that are produced when
input signals 106-0 to 106-N-1 are processed by the multi-
channel class-D amplifier 100. In this case, the use of the
synchronization signal SYNCI1 not only reduces the genera-
tion of beat frequencies but 1t also synchronizes processing in
cach of the channels 104-0 to 104-N-1 such that the starting
point of the output signals 108-0 to 108-N-1 are lined up in
time. An example of the synchronization signal SYNC1 and
peak power demand 1s shown 1n FIG. 3C. On the rising edge
of the first pulse 1n the synchronization signal SYNCI, the
power drivers 1 each of the amplifier channels 104-0 to
104-N-1 turn on and the mnput signals are processed. The
power drivers 1 each of the amplifier channels 104-0 to
104-N-1 then turn on again at the N pulse, then again at the
2*¥N™ pulse, the 3*N” pulse and so on. The “on duration” of
cach of the amplifier channels 104-0 to 104-N-1 1s entirely
dependent on the magnitude of the mput signals 106-0 to
106-N-1 and 1s the direct result of PWM modulation. The
wavelorms 1n FIG. 3C simulate a real application assuming,

that the input signals INPUT-0 to INPUT-N-1 to each ampli-
fier channel 104-0 to 104-N-1 are different from each other.
The signals shown for the amplifier channels 104-0 to 104-
N-1 represent pulse width modulated output signals. How-
ever, this results 1n a very high peak power demand since the
circuitry in each of the amplifier channels 104-0 to 104-N-1
are operational at the same time and the power drivers turn on
at the same time. Furthermore, this high peak power demand
1s most likely not compatible with many battery operated
systems.

Referring now to FIG. 4A, shown therein 1s a block dia-
gram of an example embodiment of a multi-channel class-D
amplifier 150 that uses a different synchronization signal for
cach channel. The signal source 152 provides a plurality of
input signals INPUT-0 to INPUT-N-1 and generates syn-
chronization information in the form of synchronization sig-
nals SYNC-0 to SYNC-N-1 thereby implementing a multi-
phase clock. Fach class-D amplifier channel module 154-0 to
154-N-1 1s configured to process a corresponding mnput sig-
nal from the plurality of mnput signals according to the syn-
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chronization information to produce corresponding output
signals OUTPUT-0 to OUTPUT-N-1. The synchromization
information comprises information for switching frequencies
and processing offsets. The switching frequencies employed
by the plurality of class-D amplifier channel modules 154-0
to 154-N-1 are substantially similar to one another and the
processing of the plurality of input signals 1s offset in time
across the plurality of class-D amplifier channel modules
154-0 to 154-N-1.

The synchronization signal SYNC-0 can be dertved from a
high frequency master synchronization signal by dividing 1t
by N. Likewise, the synchromization signal SYNC-1 can be
derived by dividing the high frequency master synchroniza-
tion signal by N and shifting 1t by one clock synchronization
cycle. The remaining synchronization signals can be pro-
duced 1n a similar fashion. The multi-phase clock 1s used to
address the high peak power demand problem that was shown
in FIG. 3C by causing each class-D amplifier channel module
154-0 to 154-N-1 to turn on and off at slightly different times
based on the timing specified by the multi-phase clock. This
technique 1s suitable for an analog implementation of the
multi-channel class-D amplifier 150. A technique suitable for
a digital implementation of a multi-channel class-D amplifier
1s described with respect to FIG. 3.

Referring now to FIG. 4B, shown therein 1s an example of
sync signals SYNC-0 to SYNC-N-1 that can be used by the
multi-channel class-D amplifier 150 to reduce the generation
of beat frequencies during operation. The synchronization
signals SYNC-0 to SYNC-N-1 have pulses that are offset
with respect to one another 1n time and each of the synchro-
nization signals SYNC-0 to SYNC-N-1 are sent to a unique
class-D amplifier channel module to offset the processing of
cach class-D amplifier channel module in time. In this case,
the amount of offset for a given class-D amplifier channel
module corresponds to a channel identifier of the given
class-D amplifier channel module. In this example, each sync
signal has a duration of Td seconds and the sync signals
SYNC-0to SYNC-N-1 are offset from one another by Td*N
seconds where N 1s the number of channels 1n the multi-
channel class-D amplifier 150. The spacing of Td*N for a
current synchronization cycle i1s the time given to each
class-D amplifier channel 154-0 to 154-N-1 to produce the
proper time for 1t to “turn on”, process its input, and produce
its output from 1ts PWM modulator within a given synchro-
nization cycle (e.g. frame) so that all of the data 1n the given
frame can be processed before processing the data associated
with the next frame. In other words, the synchromzation
signal that turns on a given class-D amplifier channel 154-0 to
154-N-1 occurs every Td*N seconds. The overall on time for
cach class-D amplifier channel 154-0 to 154-N-1 during a
synchronization cycle 1s proportional to the magnitude of 1ts
corresponding mput signal and the time at which each class-D
amplifier channel 154-0 to 154-N-1 starts to “turn on” to
process 1ts mput 1s offset by Td amongst consecutive ampli-
fier channels.

Referring now to FIG. 4C, shown therein 1s an example of
output signals 158-0 to 158-N-1 that are produced when
input signals 156-0 to 156-N-1 are processed by the multi-
channel class-D amplifier 150. In this case, the signal source
152 1ncludes a multi-phase sync source 160 that generates
synchronization signals SYNC-0to SYNC-N-1 to reduce the
generation of beat frequencies and also ofiset the processing
in each of the class-D amplifier channels 154-0 to 154-N-1
such that the output signals 158-0 to 158-N-1 are slightly
offset 1n time. The synchronization signals SYNC-0 to

YNC-N-1 can be generated as previously explained, which
may be implemented using a combination of logic circuitry,
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such as counters, shifters, multiplexers and the like. The slight
olffset 1n the output signals 158-0 to 158-N-1 1s insignificant
in terms ol affecting signal quality for relatively low fre-
quency 1nput signals (e.g. on the order of approximately 20
Hz to 20 KHz) since the SYNC signals are normally 1n the
range of several hundred KHz or higher. In cases where the
timing offset 1in the output signals 158-0 to 158-N-1 becomes
significant for the quality of the overall output signal, then this
offset can be reduced at the signal source 152 by applying an
appropriate amount of delay to the mput signals 156-0 to
156-N-1 while still ensuring that there 1s a suificient amount
of offset in the channel processing so that the peak processing
power demand 1s not too high.

An example of the synchronmization and peak power
demand 1s shown 1n FIG. 4D. The offset 1n processing for
cach of the class-D amplifier channels 154-0 to 154-N-1
allows the power consumption (also known as power
demand) of these channels to be spread out over time so that
the peak power 1s not as high as 1t was (see FIG. 3C) for the
multi-channel class-D amplifier 100. Again, each class-D
amplifier channel 154-0 to 154-N-1 1s operational long
enough to process its corresponding input signal, which
depends on the magnitude of the input signal. The final signal
in FIG. 4D 1s a superposition of the sync signals SYNC-0 to
SYNC-N-1 and can be thought of as the master synchroni-
zation signal which shows the time that each of the amplifier
channels 158-0 to 158-N-1 are turned on. The processing 1n
cach amplifier channel 154-0 to 154-N-1 begins with the
rising edge of corresponding pulse.

Referring now to FIG. 5, shown therein 1s a block diagram
ol another example embodiment of a multi-channel class-D
amplifier 200 that uses a synchronization signal for each
channel. The multi-channel class-D amplifier 200 1s the digi-
tal version of the multi-channel class-D amplifier 150. In this
case, the signal source 202 generates a plurality of synchro-

nization signals SYNC-0 to SYNC-N-1 and a clock signal.
One of the synchronization signals SYNC-0 to SYNC-N-1
and the clock signal are sent to each channel 204-0 to 204-
N-1 of the multi-channel class-D amplifier 150 thereby also
implementing a multi-phase clock to address the high peak
power demand problem and to reduce the production of beat
frequencies. The clock signal 1s used mainly for latching 1n
order to allow the 1nput signals to be recetved 1n the corre-
sponding class-D amplifier channels 204-0 to 204-N-1 at the
proper time. However, there can be alternative embodiments
which incorporate a single wire (e.g. without a clock signal)
or an “input signal only system” that 1s able to retrieve clock
information from the mput signal by using circuitry. It should
be noted that FIGS. 4B-4D also apply to the multi-channel
class-D amplifier 200.

Referring now to FIG. 6A, shown therein 1s a block dia-
gram of an example embodiment of a multi-channel class-D
amplifier 250 that uses clock and frame signals to synchro-
nize the processing of the various amplifier channels. The
multi-channel class-D amplifier 250 comprises a signal
source 252, a plurality of class-D amplifier channel modules
254-0 to 254-N-1 and a plurality of corresponding synchro-
nization (sync) modules 256-0 to 256-N-1. The signal source
252 provides a plurality of input signals INPUT-0 to INPUT-
N-1 as well as a clock signal and frame signal. The signal
source 252 can incorporate a combination of logic circuits,
such as counters, shifters, multiplexers and the like. The
implementation of the portion of the signal source 250 that
produces the clock and frame signals would be similar to the
schematic shown 1 FIG. 7C except without the ID code
generator 312 and the CRC generator 314. FEach class-D
amplifier channel module 254-0 to 254-N-1 receives a cor-
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responding input signal INPUT-0 to INPUT-N-1 and each
sync module 256-0 to 256-N-1 recerves the clock signal and
the frame signal (also known as a frame information embed-
ded clock signal). The use of a clock signal and a frame signal
reduces the number of wires needed for synchronization to
two. Each class-D amplifier channel module 254-0 to 254-
N-1 processes a corresponding input signal INPUT-0 to
INPUT-N-1 according to the timing specified 1n the clock
and frame signals such that the processing in each of the
channels 1s synchromized based on clock frequency to reduce
the production of beat frequencies and such that the process-
ing 1n each of the channels 1s slightly offset 1n time to reduce
the peak power demand.

The sync modules 256-0 to 256-N-1 are configured to
synchronize the processing of their corresponding class-ID
amplifier channel modules 254-0 to 254-N-1 according to the
synchronization information. The sync modules 256-0 to
256-N-1 act as decoders to generate a synchronization signal
from the clock signal and the frame signal for the correspond-
ing class-D amplifier channel 254-0 to 254-N-1. The decod-
ing or extracting of frame information from an embedded
clock signal (e.g. clock and frame signals) can be done by
using a combination of logic circuits. For example, there in
cases 1n which the Sony Philips Dagital Interface (SPDIF)
signal format 1s used, a single wire 1s used to carry the input
signal, the clock signal and the frame signal, as well as other
meta-data, and thus decoding can be performed by using a
PLL to extract the clock signal. The clock signal can then be
used to extract the data, the meta-data, and the other required
components by following a scheme related to the predefined
order of data (according to the SPDIF format). This circuitry/
methodology that would be employed 1s similar to that shown
in FIG. 7D. Alternatively, there can be cases in which the
Audio Engineering Society/European Broadcast Union
(AES/EBU) signal format 1s used, which 1s similar to the
SPDIF format, and can be decoded 1n a similar fashion. Alter-
natives for the PLL block described in FIG. 7D, that can be
used 1n the sync modules 256-0 to 256-N-1, include a digital
PLL, digital synthesizer or a Variable Crystal Oscillator
(VCXO).

Regardless of the particular format that 1s used for the clock
and frame signals, the clock signal can generally be consid-
ered to be a bit clock signal and has a frequency that 1s higher
than the frame signal. An example relationship among the
signals used for synchronization 1s that the bit clock signal
can have a frequency of about 64xFs Hz, and the frame signal
can have a frequency of about Fs Hz. The variable Fs stands
for sampling frequency which may be on the order of 48 kHz
but may be 32 kHz or 44.1 kHz in alternative embodiments.
Generally, upon a rising edge in the frame signal, the sync
modules 256-0 to 256-N-1 are configured to 1dentify a cor-
responding pulse 1n the clock signal that indicates that the
class-D amplifier channel module 254-0 to 254-N-1 that
corresponds to the sync module 256-0 to 256-N-1 1s to start
processing the corresponding input signal INPUT-0 to
INPUT-N-1. In this example, the rising edge of the frame
signal 1s used as a trigger for each sync module 256-0 to
256-N-1 to start counting an oifset value by counting the
number of pulses in the clock signal. Each sync module 256-0
to 256-N-1 1s assigned an ofiset or count and when that offset
occurs for a given sync module based on the count of the bit
clock signal, processing in the class-D amplifier channel
module that 1s associated with the given sync module 1s
started. For example, the sync module 256-0 can be assigned
an oifset of 0 so that when the rising edge of the frame signal
occurs on the first rising edge of the bit clock signal, the
class-D amplifier channel 254-0 begins to process the mput
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signal INPUT-0. Likewise, the sync module 256-1 can be
assigned an offset ol 1 so that after the rlsmg edge of the frame
signal has occurred and on the second rising edge of the bit
clock, the class-D amplifier channel 254-1 begins to process
the input signal INPUT-1 and so on and so forth. An example
of this operation 1s shown 1n FIG. 6B which shows the pro-
cessing times for amplifier channels 0, 1 and N-1. The frame
signal can be at a high logic level for J periods and then at a
low logic level for K periods. The value of J does not neces-
sarily have to be equal to the value of K although there may be
cases where J does equal K. It should be noted that the
example of FIG. 4D would also apply to the multi-channel
class-D amplifier 250. As can be seen, every amplifier chan-
nel module 254-0 to 254-N-1 receives only one rising edge of
the bit clock signal as a synchronization signal 1n a given
frame cycle (defined by the frame signal having a high lo gic
value followed by a low logic value) and the processing 111
subsequent amplifier channel modules 1n this example 1s ofl-
set by one clock cycle. However, there can be other embodi-
ments 1n which the processing of subsequent amplifier chan-
nel modules 1s offset by more than one cycle. The difference
in synchronization between subsequent amplifier channel
modules results 1 a processing ofiset to reduce peak power
demand.

Referring now to FIG. 7A, shown therein 1s a block dia-
gram ol an example embodiment of a multi-channel class-D
amplifier 300 with a coded synchronization signal SYNC2
that 1s used to synchronize processing for each channel. The
multi-channel class-D amplifier 300 comprises a signal
source 302, a plurality of class-D amplifier channel modules

304-0 to 304-N-1 and aplurality of corresponding sync mod-
ules 306-0 to 306-N-1. The signal source 302 provides a
plurality of mput signals INPUT-0 to INPUT-N-1 and gen-
crates the coded synchronization signal SYNC2. Each
class-D amplifier channel module 304-0 to 304-N-1 receives
a corresponding iput signal INPUT-0 to INPUT-N-1 and
cach sync module 306-0 to 306-N-1 recerves the synchroni-
zation signal SYNC2. Each class-D amplifier channel mod-
ule 304-0 to 304-N-1 processes the corresponding 1input sig-
nal INPUT-0to INPUT-N-1 according to the timing specified
in the synchronization signal SYNC2 such that the processing
in each of the channels 1s synchronized in switching ire-
quency to reduce the production of beat frequencies and such
that the processing 1n each of the channels 1s slightly offset in
time to reduce the peak power demand.

The coded synchronization signal SYNC2 includes a clock
portion with clock pulses and a coded portion that acts as a
channel synchronization portion and 1s interspersed amongst
the clock pulses. Each coded portion corresponds to one of
the amplifier channels (i.e. each class-D amplifier channel
module 304-0 to 304-N-1). The sync modules 306-0 to 306-
N-1 are configured to 1dentity a corresponding coded portion
in the coded synchronization signal SYNC2 that indicates
that the class-D amplifier channel module 304-0 to 304-N-1
that corresponds to the synchronization module 306-0 to 306-
N-1 1s to start processing the corresponding input signal
INPUT-0 to INPUT-N-1. In at least some embodiments, the
coded portion can be considered to be a modulated signal that
includes a unique code for each amplifier channel 304-0 to
304-N-1. The clock portion can be used to determine the
switching frequency of the oscillator used by the given ampli-
fier channel. Accordingly, the series of clock pulses that fol-
low the coded portions are used to ensure substantially similar
switching for each of the class-D amplifier channel modules
304-0 to 304-N-1.

One example embodiment of the synchronization signal

SYNC2 that can be used with the multi-channel class-D
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amplifier 300 1s shown i FIG. 7B. The synchronization sig-
nal SYNC2 comprises a coded portion CH-0 channel ID code
followed by a series of clock pulses, then a coded portion
CH-1 channel ID code followed by a series of clock pulses
and so on and so forth until the coded portion CH-N-1 chan-
nel ID code followed by a series of clock pulses. This
sequence then repeats again for as long as the multi-channel
class-D amplifier 300 1s processing iput signals. The coded
portion of the synchronization signal SYNC2 can be coded to
be any identifiable coded wavetform as long as 1t can fit
between the pulses that are required for channel processing in
the synchronmization signal SYNC2. For example, the coded
portion of the coded synchronization signal SYNC2 can
include quasi-random signals. Furthermore, the coded por-
tion can be shorter than the steady clock period with an added
margin of safety. In FIG. 7B, the synchronization signals used
by the amplifier channel modules 304-0 to 304-N-1 are
directly encoded 1n the coded synchronization signal SYNC2
so that separate frame signals are not needed. It 1s recom-
mended that the clock signal be at least (IN+M) times higher
than the system shown in FIG. 4C where M 1s bit length for
channel ID code. In general, the coded portion can be long
enough to separately include an embedded code or a frame
signal plus an ID code, as will be described in turther detail
below.

An example embodiment of a portion of a signal source
that can be used to provide synchronization information
including frame information for the multi-channel class-D
amplifier 300 1s shown 1n FIG. 7C. The input signals INPUT-0
to INPUT-N-1 are not shown 1n FIG. 7C but 1t 1s understood
by those skilled in the art that these signals are provided to the
signal source 302 which then provides them to the amplifier
channel modules 304-0 to 304-N-1. The portion of the signal
source comprises a frame timing generator 310, an ID code
generator 312, a Cyclic Redundancy Check (CRC) generator
314 and a multiplexer (MUX) 316. The frame timing genera-
tor 310 generates the frame signal from the clock signal by
using a combination of counters with a predetermined bit
length to implement the required timing for channel process-
ing of the multi-channel class-D amplifier 300 for a given
frame cycle. The ID code generator 312 generates a unique
code for each amplifier channel module 304-0 to 304-N-1.
For example, the ID code generator 312 (which can be imple-
mented 1n software) can combine a simple channel number-
ing with a pseudo random code, which can be generated by
using a quasi-random sequence such as M series random
codes or M series logic. In other embodiments, Lehmer codes
or Mersenne Twister codes can be used. Other pseudo-ran-
dom b1t patterns can also be used as long as they are embed-
ded at predefined intervals 1n the synchronization signal and
are known to the synchronization modules 306-0 to 306-N-1.
For instance, 4 bit, 16 bit, 32 bit or 64 bit patterns can be used
(with the larger bit patterns providing increased code reading
reliability). An example of a 4 bit random code system could
be: codel=0011, code2=0100, code3=1001, . .
codel4=1101 and codel5=1011. Using a more Comphcated
bit pattern for the codes will increase the speed of finding the
code and 1ncrease reliability. For transmission reliability, an
error check code generated by a bit error management
scheme, such as the Cyclic Redundancy Check (CRC)
scheme generated by the CRC generator 314, can be added to
the data stream generated by the ID code generator 312 to
produce the ID code. In a more general embodiment, an error
check block can be used 1n place of the CRC generator 314 to
generate other forms of error check data as 1s known by those
skilled 1n the art. The embedded bit error code further
improves the bit error rate (BER) for the ID code signal. This
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operation 1s then repeated for all amplifier channels and
streamed (e.g. transmitted) as the ID code signal. The ID code
signal can then be combined with the clock signal and the
frame signal by the MUX 316 to generate a frame plus ID plus
clock hybrid signal that can be used as the synchronization
signal SYNC2'. In this case, the SYNC modules 306-0 to
306-N-1 can be designed to use the frame signal for synchro-
nization, and the SYNC modules 306-0 to 306-N-1 can be
designed to detect the frame portion of the data streams. The
frame signal can be used to synchronize PWM modulation
within the amplifier channel modules 304-0 to 304-N-1 with
a predetermined time offset that 1s detected by the SYNC
modules 306-0 to 306-N-1. In particular, the frame signal 1s
there to help set offsets used to synchronize processing by the
class-D amplifier channel modules. In this case, a separate
frame signal trace or wire 1s not required for the multi-channel
class-D amplifier 300. One frame cycle completes the syn-
chronization for the processing cycle of the amplifier channel
modules 304-0 to 304-N-1 for a given frame of data.

The signal source 302 can be a simple analog interface that
transiers the signal data and the synchronization information
to the amplifier channel modules 304-0 to 304-N-1 when
these modules accept analog mputs. When the signal source
302 can be designed to accept externally generated digital
signals for INPUT-0 to INPUT-N-1, the amplifier channel
modules 304-0 to 304-N-1 can be designed to process these
signals.

Regardless of the format used for the synchronization sig-
nal SYNC2, each sync module 306-0 to 306-N-1 1s equipped
with a decoder to recognize the coded signal (i.e. pre-as-
signed ID) that 1s assigned to the corresponding class-ID
amplifier channel module 304-0 to 304-N-1. When a given
sync module 306-X recognizes the occurrence of its assigned
coded signal 1t generates a sync signal for its corresponding
class-D amplifier channel module 304-X to process the cor-
responding input signal INPUT-X.

In one example embodiment, where the synchromzation
signal SYNC2' incorporates frame signals, channel 1D codes
and a clock signal, the sync modules 306-0to 306-N—-1 can be
implemented using a decoder 320 which incorporates a
Phase-Lock Loop (PLL)-based oscillator as shown m FIG.
7D. The decoder 320 has an mput 322 to receive the coded
synchronization signal SYNC2' and generates three outputs
324 to 328 including a recovered clock signal, a frame ID
signal and a channel ID code signal 316 respectively. A given
synchronization module would then use the recovered clock
signal to time the PWM of the corresponding amplifier chan-
nel module, the frame ID signal to time when the amplifier
channel module 1s to process 1ts input and the channel 1D code
to determine 11 the recovered clock and the frame ID signal
should be used by the corresponding amplifier channel mod-
ule. The decoder 320 includes a PLL block 330 that generates
the recovered clock signal, a waveform recovery block 332
that generates the frame ID signal and a channel ID code
recovery block 334 that generates the channel ID code.

The PLL block 330 incorporates a phase comparator 336,
a filter 338, an oscillator 340 and a divider 342. The filter 338
can be a band pass filter or a low pass filter with a pass band
that depends on the implementation of the phase comparator
and the frequency of the signal of interest. The divider 342 can
also be used to generate different output frequencies if
required and can create these output frequencies to be a frac-
tion or multiple of 1ts input frequency. The filter 338 extracts
the clock frequency of the clock portion of the synchroniza-
tion signal SYNC2' by 1gnoring the coded portions of the
synchronization signal SYNC2' and locking onto the steady
clock portion of the synchronization signal SYNC2'. The
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output of the phase comparator 336 allows for the derivation
of the frame signal by the waveform recovery block 332,
which can be implemented with a Low Pass Filter (LPF) or
Running Average Filter (RAF) to 1ignore the short-time dura-
tions of drop-oil and keep track of the general tendency of the
frame ID signal. The channel ID code can be dertved from a
combination of the frame signal and the synchronization sig-
nal SYNC2' by the channel 1D Code recovery block 334
which gates 1ts input signal 322 (which 1s the synchromization
signal SYNC2') by the re-generated frame ID signal. There-
fore the output of the channel ID code recovery block 334
contains the channel ID code.

Retferring now to FIGS. 7E-1, 7E-2 and 7E-3, shown
therein 1s an example of the synchronization signal SYNC2',
extracted clock and frame signals and the resulting synchro-
nization signals that are used for each channel of the multi-
channel class-D amplifier 300. The synchronization signal
SYNC2' comprises a coded portion (for channel synchroni-
zation for each amplifier channel including a channel ID code
and a frame signal) and a steady clock portion. The steady
clock portion of the synchronization signal SYNC2' matches
the extracted clock signal shown in FIGS. 7E-1, 7E-2 and
7E-3, which 1s essentially the signal that 1s used for the
oscillators of each of the amplifier channel modules 304-0 to
304-N-1 of the multi-channel class-D amplifier 300. The
extracted frame signal 1s used to indicate the beginning of the
timing for the processing of channel data associated with a
grven amplifier channel. Accordingly, the rising edge of the

frame after the 1dentification of a channel code corresponds to
the rising edge of one of the SYNC-CH-0 to SYNC-CH-N-1

signals. The signals labeled SYNC-CH-0 to SYNC-CH-N-1
represent the synchronization signals that are decoded from
the coded portions of the coded synchronization signal
SYNC2' and are used to time the processing of each amplifier
channel module 304-0 to 304-N-1 of the multi-channel
class-D amplifier 300. Each amplifier channel module 304-0
to 304-N-1 1s therefore synchronized to operate after the
occurrence of 1ts corresponding channel ID code. Accord-
ingly, it can be seen that the same oscillation frequency (sig-
nified by the clock signal) and different time ofisets for pro-
cessing are used for each channel 304-0 to 304-N-1 of the
multi-channel class-D amplifier to reduce the generation of
beat frequencies and to reduce peak power consumption by
spreading the power consumption of the various channels out
over time.

Referring now to FIG. 8A, shown therein 1s a block dia-
gram ol an example embodiment of a synchronization reorder
block 350 that can be used to reorder the synchromization
signals based on the levels of the input signals. This can be
usetul 1n situations where the input signals are at different
levels or magnitudes. For instance, some of the input signals
may have a high level while others may be at a low level for a
significant time period. In these cases, 1t can be beneficial to
reorder the processing of these signals to smooth out or
reduce the peak power consumption of the multi-channel
class-D amplifier. This can be done by reordering the offsets
in the synchronization signals for the class-D amplifier chan-
nel modules are reordered based on levels of the input signals
that are provided to the class-D amplifier channel modules
rather than the numbering of the channels. For example in a 4
channel system, if the mnput signals for channels 0 and 1 are at
a high level and the input signals for channels 2 and 3 arc at a
low level, the offsets for the corresponding synchronization
signals can be adjusted so that pulses in the synchronization
signals are arranged 1n time as SYNC-0, SYNC-2, SYNC-1,
SYNC-3. Accordingly, the synchronization signals can be
adjusted such that offsets for channels with high input signal
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levels are interspersed with oflsets for channels with low
signal levels. The rearranged synchronization timing does not
alfect the reproduction of the multi-channel audio output
since the PWM processing frequency 1s very high relative to
the frequencies 1n the audio output signal (this principle also
applies to the other applications of the multi-channel class-D
amplifiers).

The synchronization reorder block 350 includes runming
average blocks 350-0 to 350-N-1, level detector blocks 352-0
to 352-N-1 and magnitude spreader 354. Alternatively, the
running average blocks 350-0 to 350-N-1 can be mmple-
mented with low pass filters. The running average blocks
350-0 to 350-N-1 filter the mput signals INPUT-0 to INPUT-
N-1 to remove spurious noise. The level detectors 352-0 to
352-N-1 then analyze the filtered 1nput signals to determine
the level of the filtered 1nput signals. The magnitude spreader
354 then analyzes the levels of the mput signals and rear-
ranges the order of the mput signals for the generation of the
synchronization information (called SYNC reorder informa-
tion) to reduce or smooth out the total power consumption.
The SYNC reorder information 1s then sent to the 1D code
generator module 312. This particular embodiment of the
synchronization reorder block 350 works with signal sources
252 and 302 but 1t can be altered to work with the other signal
sources described herein. It should be noted that the process-
ing of the synchronization reorder block 350 can be done with
analog or digital circuitry, or a combination of both. Digital
hardware or digital signal processing (IDSP) can be used in
case of digital solutions.

Referring now to FIG. 8B, shown therein 1s an example of
sync signals that can be reordered due to input signal level by
the synchromization reorder block 350 and used to synchro-
nize channel processing for a multi-channel class-D ampli-
fier. In this case, the offset for channel M was adjusted so that
it was between the oflfsets used for processing channels 0 and
1, which has the effect of reordering the processing of the
channels so that the start of processing for channel M 1s after
channel 0 but before channel 1.

There are many benefits or advantages for the various
embodiments described herein. For example, the multi-chan-
nel class-D amplifier 150 of FIG. 4A 1s very effective from a
cost-benelit point of view. In addition, the implementation of
the multi-channel class-D amplifier 250 of FIG. 6 A 1s favor-
able since 1t uses the least number of traces.

The various embodiments described herein are also tlex-
ible 1n terms of implementation depending on the intended
application. For example, for audio applications, the signal
sources 152, 202, 252 and 302 can be implemented using
either hardware or software. Any applications that utilize
frequencies that are higher than the audio band can be imple-
mented using hardware. For motor control applications, the
functionality of the signal source 152 can be implemented
using Digital Signal Processing (DSP) software. In addition,
the various channel amplifier modules can be implemented
using hardware to keep costs down. Furthermore, the various
embodiments described herein can be used 1n applications at
low frequencies (e.g. motor control) as well as applications at
high frequencies on the order of several hundreds of kHz (e.g.
large LED display applications).

The various embodiments described herein can also be
used 1 applications that vary quite widely 1n form factor. In
particular, applications of some of the embodiments
described herein can vary from small portable electronic
devices, such as handheld devices held or carried by the
human hand for example, to very large applications, such as
large LED display signs for example. For example, for small
form-factor applications, such as handheld devices, the multi-
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channel class-D amplifier 150 of FIG. 4A or the multi-chan-
nel class-D amplifier 300 of FIG. 7A can be used.

In one aspect, 1n at least one example embodiment
described herein, there 1s provided a multi-channel class-D
amplifier comprising a signal source that provides a plurality
of mput signals and generates synchronization information;
and a plurality of class-D amplifier channel modules, each
class-D amplifier channel module being configured to pro-
cess a corresponding input signal from the plurality of mnput
signals according to the synchronization information to pro-
duce a corresponding output signal. The synchronization
information comprises information for switching frequencies
and processing oifsets wherein the switching frequencies
employed by the plurality of class-D amplifier channel mod-
ules are substantially similar to one another and the process-
ing of the plurality of input signals 1s offset 1n time across the
plurality of class-D amplifier channel modules.

In at least some embodiments, the synchronization infor-
mation comprises a plurality of synchronization signals hav-
ing pulses that are oflset with respect to one another i time
and each of the synchronization signals 1s sent to a unique
class-D amplifier channel module to offset the processing of
cach class-D amplifier channel module in time.

In at least some embodiments, the amount of offset for a
given class-D amplifier channel module corresponds to a

channel identifier of the given class-D amplifier channel mod-
ule.

In at least some embodiments, the offsets in the synchro-
nization information for the class-D amplifier channel mod-
ules are reordered based on levels of the mput signals pro-
vided to the class-D amplifier channel modules.

In at least some embodiments, the class-D amplifier chan-
nel modules comprise synchromzation modules configured
to synchronize the processing of the class-D amplifier chan-
nel modules according to the synchronization information.

In at least some embodiments, the synchronization infor-
mation comprises a clock signal and a frame signal, and
wherein upon a rising edge 1n the frame signal, the synchro-
nization modules are configured to 1dentify a corresponding
pulse 1n the clock signal that indicates that the class-D ampli-
fier channel module that corresponds to the synchronization
module 1s to start processing the corresponding input signal.

In at least some embodiments, the synchronization mod-
ules are configured to identily the corresponding pulse by
counting the number of pulses in the clock signal after the
rising edge 1n the frame signal.

In at least some embodiments, the synchronization infor-
mation comprises a coded synchronization signal having
coded portions and wherein the synchromization modules are
configured to 1dentily a corresponding coded portion 1n the
coded synchronization signal that indicates that the class-D
amplifier channel module that corresponds to the synchroni-
zation module 1s to start processing the corresponding input
signal.

In at least some embodiments, the coded synchromization
signal further comprises a series of clock pulses that follow
the coded portions, and wherein the clock pulses are used to
ensure substantially similar switching for each of the class-D
amplifier channel modules.

In at least some embodiments, the coded synchronization
signal further comprises frame signals to set offsets used to
synchronize processing by the class-D amplifier channel
modules.

In at least some embodiments, the coded portions of the
coded synchronization signal comprise quasi-random sig-
nals.
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In at least some embodiments, the coded portions of the
coded synchronization signal are produced using M series
random coding and each synchronization module comprises a
phase-lock loop based oscillator to 1dentity the coded portion
associated with a particular M series random code.

In another aspect, 1mn at least one example embodiment
described herein, there 1s provided a method of processing a
plurality of input signals for a multi-channel class-D ampli-
fier comprising a plurality of class-D amplifier channel mod-
ules. The method comprises generating synchromization
information; providing each class-D amplifier channel mod-
ule with a corresponding input signal from the plurality of
input signals and the synchronization imformation; employ-
ing switching frequencies for each class-D amplifier channel
module; and processing the corresponding iput signals at
cach of the class-D amplifier channel modules according to
the synchronization information to produce corresponding
output signals. The synchronization information comprises
information for the switching frequencies and processing
olffsets wherein switching frequencies are substantially simi-
lar to one another and the processing of the plurality of input
signals 1s offset in time across the plurality of class-D ampli-
fier channel modules.

In at least some embodiments, the synchronization infor-
mation comprises a clock signal and a frame signal, and
wherein upon a rising edge 1n the frame signal, the method
comprises 1dentifying a corresponding pulse i the clock
signal that indicates that a corresponding class-D amplifier
channel module 1s to start processing the corresponding input
signal.

In at least some embodiments, the method comprises iden-
tifying the corresponding pulse by counting the number of
pulses 1n the clock signal after the rising edge in the frame
signal.

In at least some embodiments, the synchronization infor-
mation comprises a coded synchronization signal having
coded portions and wherein the method further comprises
identifying a corresponding coded portion 1n the coded syn-
chronization signal that indicates that a corresponding
class-D amplifier channel module 1s to start processing the
corresponding mput signal.

In at least some embodiments, the coded portions of the
coded synchronization signal are produced using M series
random coding and the method comprises using a phase-lock
loop based oscillator to 1dentity the coded portion associated
with a particular M series random code.

It should be understood that various modifications can be
made to the embodiments described and illustrated herein,
without departing from the embodiments, the general scope
of which 1s defined 1n the appended claims. For example, 1t
should be noted that while the processing of the class-D
amplifier channels 1 the various embodiments described
herein have been described as starting on a rising edge of a
pulse 1n a given synchronization signal, any of these embodi-
ments can instead utilize the negative edge of a pulse 1 a
given synchronization signal. The latter can be achieved by
reversing the corresponding logic circuitry used in the various
embodiments described herein. It should also be noted that
generally the amount of time offset between the processing 1n
cach of the channels of the multi-channel class-D amplifiers
described herein 1s relatively small and 1ts effect on the output
signals can effectively be 1gnored (if the effect does become
noticeable then a timing ofiset can be applied to the input
signal source to reduce this effect). For example, with an input
signal at a frequency of 1 KHz, a clock frequency of 8 MHz
and an 8 channel system (1.e. N=8), the offset for each channel
can be set to 1 clock period of the 8 MHz clock signal. The
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largest offset would then be between the first channel and the
last channel which 1s 8 MHz/8=1 MHz=1 psec, which 1is

1,000 times shorter than the signal of interest at 1 KHz.

The mvention claimed 1s:

1. A multi-channel class-D amplifier comprising:

a signal source that provides a plurality of input signals and
generates synchronization mformation, the synchroni-
zation information comprising iformation for switch-
ing frequencies, processing offsets and a coded synchro-
nization signal comprising coded portions; and

a plurality of class-D amplifier channel modules, each
class-D amplifier channel module of the plurality of
class-D amplifier channel modules being configured to
process a corresponding input signal from the plurality
of input signals to produce a corresponding output sig-
nal, each class-D amplifier channel module of the plu-
rality of class-D amplifier channel modules comprising
a synchronization module configured to recognize an
occurrence of its assigned coded signal and upon recog-
nition generate a sync signal for a corresponding class-D
amplifier channel module to process a corresponding
input signal,

wherein the switching frequencies employed by the plural-
ity of class-D amplifier channel modules are substan-
tially similar to one another and the processing of the
plurality of mput signals 1s offset in time across the
plurality of class-D amplifier channel modules accord-
ing to the processing oilsets.

2. The amplifier of claim 1, wherein the synchromization
information comprises a plurality of synchronization signals
having pulses that are offset with respect to one another in
time and each of the synchronization signals 1s sent to a
unmque class-D amplifier channel module to offset the pro-
cessing of each class-D amplifier channel module 1n time.

3. The amplifier of claim 2, wherein an amount of process-
ing offset for a given class-D amplifier channel module cor-
responds to a channel 1dentifier of the given class-D amplifier
channel module.

4. The amplifier of claim 2, wherein offsets in the synchro-
nization information for the class-D amplifier channel mod-
ules are reordered by a synchronization reorder block based
on levels of the input signals provided to the class-D amplifier
channel modules.

5. The amplifier of claim 1, wherein the coded synchroni-
zation signal further comprises a series of clock pulses that
tollow the coded portions, and wherein the clock pulses are
used to ensure substantially similar switching for each of the
class-D amplifier channel modules.

6. The amplifier of claim 5, wherein the coded synchroni-
zation signal further comprises frame signals to set offsets
used to synchronize processing by the class-D amplifier chan-
nel modules.

7. The amplifier of claim 1, wherein the coded portions of
the coded synchronization signal comprise quasi-random sig-
nals.

8. The amplifier of claim 1, wherein the coded portions of
the coded synchronization signal are produced using M series
random coding and each synchronization module comprises a
phase-lock loop based oscillator to 1dentify the coded portion
associated with a particular M series random code.

9. A method of processing a plurality of input signals for a
multi-channel class-D amplifier comprising a plurality of
class-D amplifier channel modules, wherein the method com-
prises:
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generating synchronization information comprising infor-
mation for switching frequencies, processing oflsets and
a coded synchromization signal comprising coded por-
tions;
providing each class-D amplifier channel module of the
plurality of class-D amplifier channel modules with a
corresponding mput signal from the plurality of input
signals and the synchronization information;

employing switching frequencies for each class-D ampli-
fier channel module of the plurality of class-D amplifier
channel modules;
generating a sync signal for a corresponding class-D
amplifier channel module of the plurality of class-D
amplifier channel modules upon recognition of the
occurrence of an assigned coded signal; and

processing the corresponding input signals at each of the
class-D amplifier channel modules of the plurality of
class-D amplifier channel modules according to the
synch signal to produce corresponding output signals,
wherein the switching frequencies are substantially
similar to one another and the processing of the plurality
of mput signals 1s offset 1n time across the plurality of
class-D amplifier channel modules according to the pro-
cessing ollsets.

10. The method of claim 9, wherein the synchronization
information comprises a plurality of synchronization signals
having pulses that are offset with respect to one another in
time and each of the synchronization signals 1s sent to a
unique class-D amplifier channel module to offset the pro-
cessing of each class-D amplifier channel module 1n time.

11. The method of claim 10, wherein an amount of pro-
cessing oilset for a given class-D amplifier channel module
corresponds to a channel identifier of the given class-D ampli-
fier channel module.

12. The method of claim 10, wherein offsets 1n the syn-
chronization information for the class-D amplifier channel
modules are reordered based on levels of the mput signals
provided to the class-D amplifier channel modules.

13. The method of claim 10, wherein the coded synchro-
nization signal further comprises a series of clock pulses that
tollow the coded portions, and the clock pulses are used to
ensure substantially similar switching for each of the class-D
amplifier channel modules.

14. The method of claim 13, wherein the coded synchro-
nization signal further comprises frame signals to set ofisets
used to synchronize processing by the class-D amplifier chan-
nel modules.

15. The method of claim 10, wherein the coded portions of
the coded synchronization signal comprise quasi-random sig-
nals.

16. The method of claim 10, wherein the coded portions of
the coded synchronization signal are produced using M series
random coding and the method comprises using a phase-lock
loop based oscillator to 1dentily the coded portion associated
with a particular M series random code.

17. A multi-channel class-D amplifier comprising:

a signal source that provides a plurality of input signals and

generates synchronization information; and
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a plurality of class-D amplifier channel modules, each
class-D amplifier channel module of the plurality of
class-D amplifier channel modules having a synchroni-
zation module that1s configured to synchronize process-
ing a corresponding nput signal from the plurality of
input signals according to the synchronization informa-
tion to produce a corresponding output signal,

wherein the synchronization information comprises infor-
mation for switching frequencies and processing offsets
and a coded synchronization signal having coded por-
tions,

wherein the synchronization modules are configured to
identily a corresponding coded portion 1n the coded
synchronization signal that indicates that the class-D
amplifier channel module that corresponds to the syn-
chronization module 1s to start processing the corre-
sponding 1nput signal,

wherein the coded portions of the coded synchronization
signal are produced using M series random coding and
cach synchronization module comprises a phase-lock
loop based oscillator to 1dentify the coded portion asso-
ciated with a particular M series random code, and

wherein the switching frequencies employed by the plural-
ity of class-D amplifier channel modules are substan-
tially similar to one another and the processing of the
plurality of mput signals i1s offset in time across the
plurality of class-D amplifier channel modules.

18. A method of processing a plurality of input signals for
a multi-channel class-D amplifier comprising a plurality of
class-D amplifier channel modules, wherein the method com-
Prises:

generating synchronization information comprising infor-
mation for switching frequencies and processing oflsets
and a coded synchronization signal having coded por-
tions that are produced using M series random coding;

providing each class-D amplifier channel module of the
plurality of class-D amplifier channel modules with a
corresponding mput signal from the plurality of input
signals and the synchronization information;

using a phase-lock loop based oscillator to 1dentily the
coded portion associated with a particular M series ran-
dom code 1n the coded synchronization signal that 1ndi-
cates that a corresponding class-D amplifier channel
module 1s to start processing the corresponding input
signal;

employing switching frequencies specified 1n the synchro-
nization mformation for each class-D amplifier channel
module of the plurality of class-D amplifier channel
modules; and

processing the corresponding input signals at each of the
class-D amplifier channel modules according to the syn-
chronization information to produce corresponding out-
put signals,

wherein the switching frequencies are substantially similar
to one another and the processing of the plurality of input
signals 1s offset 1n time across the plurality of class-D
amplifier channel modules.
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